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(54) PROCESS FOR THE HYDRATION OF OLEFINS TO 
PRODUCE ALCOHOLS AND ETHERS 



(71) We, Rheinpreussen Aktien- 

GESELLSCHAFT Ft'R BERGBAU UND CHEMIE, 

a German Company, of Homberg/Nieder- 
rhein, Germany, do hereby declare the inven- 

5 tion, for which we pray that a patent may 
be granted to us, and the method by which 
it is to be performed, to be particularly de- 
scribed in 3nd by the following statement: — 
The invention relates to a process for 

10 The production of alcohols" and ethers by 
the direct addition of water to lower olefins. 

The carrying out of such process in the 
presence of a solid acidic catalyst is well 
known from the patent literature. 

15 Inorganic catalysts, such as sulphuric acid 
or phosphoric acid on silica, alumina, ben- 
tonite or tungsten oxide have been proposed 
for use in such reaction. However, these cata- 
lysts only give satisfactory space-time yields 

20 at temperatures above 260°C. As a result of 
the disadvantageous equilibrium position at 
such temperatures, only a small amount of the 
olefin feed is converted, so that recycle or 
more than one pass is necessary. The life of 

25 these catalysts with respect to water in the 
liquid phase is very poor and wholly unsatis- 
factory (see Brennstofl-Chemie, Vol. 34, page 
330, Year 1953). 

It is also known to use organic catalysts 

30 which contain strongly acidic groups (German 
Patent Specification No. 866,191, United 
States Patent Specification No. 2,477,380, 
German Auslegeschriften Nos. 1,105,403, 
1,210,768 and 1>168,909; Industrial & En- 

35 gineerine Chemistry, Product Research and 
Development, Vol. 1, No. 4, December 1962, 
pages 296 and following.) These catalysts are 
strongly acidic ion exchangers, in which the 
sulphonic acid groups are, without exception, 



linked to aromatic carbon atoms. 40 

These ion exchange resins have a much 
higher resistance to water in the liquid phase 
than have the aforementioned inorganic cata- 
lysts.; however, as is evident from Runs A and 
B which are hereinafter given, they loose by 45 
hydrolysis a considerable proportion of their 
sulphonic acid groups within relatively short 
periods of from 600 to 1000 hours at the tem- 
peratures of 120° — 150°C required for the 
direct hydration. 50 

Catalysts which are so inadequate are un- 
suitable for the synthesis of products on a 
large industrial scale, such as isopropanol, 
sec. butanol, diisopropyl ether and di-sec- 
butyl ether. It is also desirable to find cata- 55 
lysts which can be operated at higher tem- 
perature. 

It is also known from the literature that 
aliphatic sulphonic acids have considerable 
resistance to hydrolysis, whereas aromatic sul- 60 
phonic acids hydroJyse almost quantitatively 
at a temperature of about 170°C (see Klages 
Lehrbuch der Org. Chemie, Vol. I, page 726 
(1959)). 

Surprisingly, it has been found that poly- 65 
mers or resins containing sulphonic acid groups 
linked or bound to non-aromatic carbon atoms 
are very suitable for use as catalysts in the 
direct hydration of straight- chain olefins, parti- 
cularly olefins containing not more than 12 70 
carbon atoms in the molecule. 

According to the invention therefore, there 
is provided in a process for the direct hydra- 
tion of the double bond of an olefin at elevated 
temperature and elevated pressure, the im- 75 
- provement which comprises carrying out the 
hydration in the presence, as catalyst, of a sul- 
phonic acid cation exchange resin in which 
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therel" provided fpJ^ „ '"""emiore, 
°f ™ alcohol, which ZZ ° T Potion 
°l=fin to direct hydrat^' 565 SUb ' ectin S a « 
'he range 110-17 0 °£ " i a temperature in 
the range 40-160 atmotnh/ 1 3 pressure in 
presence, ai caSyTTT? in the 

«i'on exchange resin in L - l f u, P hon,c acid 
Sfo Ups a * b0 - To ntfLtjctXt 

* which 

cation exchange reffns P L ^ Und in th e 
Phatic carbon atom? * P refe rabiy ali- 

The cation exchange r^c,„ 
cess according to r£ USed ,n th e pro- 

'oiWing ad4^. e J nvennon ^rds the 

carbons are product X ? ^'^eric hydro- 
catalysts in thf djrea hvw C " " h u *<* as 

3 It operates X rem^?" P rocess - 
^rding to the water ?n ^ Activity ac . 

the cross-sectioLlToad °"d m °' ar ratio > 
Perature employed Th* „k rCact,on r em- 
wnverted olefins J * constituent of 
25% accordin* toTh? ° Unt to 'rom 2— 

4- Recycl "! of ?h/ eaCt '° n Editions, 
unnecessary, since 700/ " nconve "ed olefin is 
feed can & cZJn* £ ™£« the olefin 

The catalyst may have" resin ^ 
's essentially that of „1 • ", ,n . matnx which 
s.yrene-divi^Ue Sn!f,v <tenvcd froiD . a 
mer or copolymer of 3n T ymer or a P°h- 
or ^saturated ketone ?n atUrated a,de hyde 

methyl .•sopropenyrC^- ■ c T' ymer °r 
Polymer. Thus, for S'^* c °- 
be produced bv nnl™ f P '■ the cata, JW may 
copolymerisatS, ° l « 

benzene, addition o/hTJ^L™? ^''"y'- 
oxidation with H O m a C Polymer, and 

( IraT A f fc ^A No J%37 P 5r" C add 
Starting from a srvr«,J 'J'7-7. 322 )- 



was produced in rh» P ^ tUre o/ 57 ~ 58°C 
ture P w as c S^ n 2^2" The m ix C 

firs; with alcohol and ,„ "1 and washed 
r«in swelled in water Jnw" W,th water - The 
140 grams of S 'sutel" Was beated 
^ a ter for 48 hourf a?' fc*! 420 m '- of 
was then removed from rh. he su, Phite 
oy washing with wa £ fijLS? 00 produ « 
*?* dilute hydrochloric °Th ^ aCtivation 
with water until th7 d and washing 
free from cXrine a ff? C ^was substantial^ 
d "t°- 160 gram" rf, a S?* r esin was 
exchange resin contain Tn? T 3Cid cati °n 
chlorine and having an 1^ 0nJy trace * of 
mgJCOH/g. were obtaLd nUmbCr of 180 

'WSJ^S be prepared by 

vmyibenzene y Aphonic acid and di- 

^-oJ^S^ a « d «hers by 
corda ncc with th e il"' 0 0,efi '» in ac- 
camed out at a terX™ °" - ls Preferably 

125O- 15 0°C, and at Tn"T e ' n the ra "ge 
60—120 atmosnherf P eSSUre in the ranle 
suitably used^r^ T "e catalyst fs 
fi *ed bed and the reSntf sta t'onary or 
m concurrent or counted ^ ** P as ^ 
oyer .t. The water t0 S m fl ,°w relauon 
advantageously f rom ° .^"c " ,oJa r ratio is 
f rom 5:1 to 30.T and °h ^ prcferab, V 
catalyst load is adva'ntaal ?J cross -sectional 
mols H,0/sa rn T anta f e ousiy from 1 to 40 
mols H:o$ ™ ' prefera bly from 5 to « 

^^b^f^rm 1 ? 7 — *a„ 
o'efin may suitably be '"fr'i' 6 - Tnu ^ 'he 
4 to 12 carbon afoml in S con t a ''nmg 
ferably, the olefin ^ ? the molecule Pre 
carbon atom s 7 n rh , 0nt ?' ns not more than 6 in, 
'"•table o"efi'nV\ m ,u'de U,C " d particu?a V 

weiphr nf «,r orm C0 ^Pn"s/nP 970/ u„ re5u,r s obtained in the lT y ^ en from t«e J 15 
««« wlS adding /° r tWo h — 232 SJS^ P-- s 

anc chloride. Th^Ju g ™ ms o{ anhydrous whe « the reaction r^i" V f nt,on ^ 
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minutes ^Z^tV^ '° r Ch ^ 
reflux while adding 5Q tw o hours under 
zmc chloride. The do W S of ^"hydrous 
of by suction, taken unTn W3S tnen ^wn 
water and washed Sft^Jf " transf erred to 
water wa s neutral After Unrd the wash 

- p « -gg 



P-cuWj y XfthTSn"^ 
mcreased from 135°C m ^oo emp 5 rat "re is 
nation of sulph on f c a ^ t0 J ° C ^ elimi- 
" Perceptible from bv hydrolysis 

ten i of the cataly^ the sulphur con- 

^■S^Sr^ •** *«« 

cation exchanger fn whS,?.!" 8 ' f cara, y s t, a 
groups are blund t0 a ^ SU,phon ^ acid 
aliphatic carbon chain ° n atom o{ an 
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Run A 

r t h* wnthcsis 100 mols (1800 grams) 
-f HO anfs ^6 moles (225 grams) of pro- 



> . — 

r,W and of unconverted residual gas. A 
Son temperature of 135°C was employed. 

Ed The space-time yield was jammed 
?v7r successive intervals during the test. Ihe 

A. 



15 



20 



Table A 




25 



fication that the reaction temperature wa, 
Run B ^ 0 o C The results are shown in Table B. 

Run A was repeated but with the mod, 150 C. The 
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Table B 



Hours of 
Operation 



0 
50 
100 
200 
300 
400 
500 
600 



MoJs of olefin 
converted per 
litre of catalyst 
per hour 

4.0 

3.8 

3. J 

2.7 

2.3 

J. 9 

1.7 

J. 5 



a Example i 

catI ° n exchange resin ^ 
sensation ff Z"?, ^* ^ ^e 



SuJphur Content 
w the catalyst 

% 



16.5 

15.3 

14.5 

13.1 

12.4 

11.8 

11.4 

10.6 



^Polymerisation of 



was empioyed a ££ n temperature of J40 °C 
TaWe i F y The r «"'ts are shown i„ 



Table 1 




» of £X contS n ^ S £ tantia ' constancy — ' 

ceased stability of thl ?J , cons <<*erabiy in- Fv , m . Example 2 



5 
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^ ' . Table 2 



i Hours of 


Mols ot olenn 
convened per litre of 
catalvst ner hour 


Sulphur content 
of the catalyst 

/o 


0 


3.7 


15.2 


500 


3.5 


14.6 


750 


3.4 


14.4 


1000 


3.3 


! 



Example . 3 
The cation exchange resin used in this Ex- 
ample was produced by the copolymerisation 
5 of 4 mols of vinyl sulphonic acid and 1 mol 
of diviuylbenzene. The apparatus described 
in Run A was used for the hydration of pro- 



pylene. The reaction temperature was 140° C 
and a pressure of 95 atmospheres gauge was 
employed as in Runs A and B and Examples 10 
1 and 2. The results obtained are shown in 
Table 3. 



Table 3 



Hours of 
operation 


Mols of olefin 
converted per litre of 
catalyst per hour 


Sulphur con- 
tent of the 
catalyst % 


0 


2.30 


15.3 


800 


2.18 


14.8 



EXAMPLE 4 atmospheres gauge and a reaction tempera- 

15 The hydration of propylene was carried out ture of 135°C were employed. The results 
as in Example 3 except that a pressure of 60 are shown in Table 4. 

Table 4 



H 2 0 through-put 
~ mol/litre of 
catalyst/hr. 



Propene through- 
put, mol/litre of 
catalyst/hr. 



Propene converted 
mol/litre catalyst 
per hr. 



Analysis 



IPA* % 



C 3 -ether % 



47 
36 
25 
11 
5 



4.3 
4.3 
4,3 
4.3 
4.3> 



2.0 

1.9 

1.75 

1.65 

1.60 



97.0 
96.3 
95.0 
93.0 
90.0 



3.0 
3.7 
5.0 
7.0 
10.0 



*IPA = isopropyl alcohol. 
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except that a pressure of 100 
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Table 5 
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WHAT WE CLAIM IS __ 

Perature and fflj*" ?[ eVated «*>- 
ment which comprises S * ' the ™? f0 «- 
"on in the presence ?c ^ g 0ut ^ h ydra- 
acid cation exch/nl ta, ? Sr > of a ^Phonic 
Phonic acTd gr OU " g a 'T wh,ch * so- 
matic carbon ftom bOUnd to a 

holf "hfcu^^^ ° f 3n *- 

direct hydration at a V™« g a " olefin to 
110_170°C and \t [ em P cra ^ in the range 
40-160 atmosphe m £S"S £ *° 

2, in wC CCS L aC sSh ng t0 C ' aim 1 * 
bound to aSptcfc^S W « 

t'on is amerou a r a C ^ d,rect hvdr a- 
range 125-1 50^C and « PCratUre in 1,16 

not more than 12 crt^^^SK 

preced^S s ;rS » fi « ° f 1,16 
not more than 6 carhnn „ ° kfin C0I "ains 



preceding claims, i„ whicn the 0 , efin fc g 

sent as a fixed » P re- 

rtfch 3;e P r^c e ta„t aC r d ' ng t0 cJaim 8 > «n 
over the cata?y7t 6 P3SSed ""currently 

water to olefin is from 1:1 f 0 5 0 i 731,0 ° f 

Ptecedm/S, - 
~ to olefin is from ™. lar »* of 

P-^VcTS, 3 ^ Se a c ny ° f 
catalyst Joad is from TV* an cross - se «ional 

-ter per square SSfiS gram " m0lS ° f 
wh^tt P cro1s" s S ectZf ng , 10 daim in 
metre. cer square cen ti- 

essentially that of or i w ' eSln matnx » 

1 to K nT wWch aC the rd, ' n8 - T ° a ^ of cla 'ms 
tially that of^or is d e riveTL matn ' X " eSSen - 
copolymer of M nll^^ 01 ^ ° r 
saturated ketone Unsaturate d aldehyde or un- 
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17. A process according to claim 16 , in 
which the resin matrix is essentially that of, 
or is derived from, polyacrolein or an acro- 
lein-divinylbenzcne copolymer. 
5 18. A process according to claim 16, in 
which the resin matrix is essentially that of, 
or is derived from, a copolymer of methyl 
isopropenyl ketone and divinyl benzene. 

19. A process according to any one of claims 
10 1 to 14 3 in which the catalyst is a copolymer 

of vinyl sulphonic acid and divinylbenzene. 

20. A process for the production of an alco- 



hol by the direct hydration of an olefin, sub- 
stantially as hereinbefore described in any one 
of Examples 1 to 5. 15 

21. An alcohol whenever obtained by the 
process claimed in any one of the preceding 
claims. 

22. An ether whenever obtained by the 
process claimed in any one of claims 1 to 20. 20 

EDWARD EVANS & CO., 
53 — 64 Chancery Lane, London, W.C.2. 
Agents for the Applicants. 
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